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Table I. Freliminary Examinatiotu — Behaviour of inorganic bodies at a high 
' temperature, either alone, or in presence of reducing agents. 

Table 11. Preliminary Examincstion, — Behaviour of metallic oxides before the 
blowpipe with microcosmic salt and borax. 

Table III. Treatment of Insoluble Substcutces, — Conversion of insoluble sub- 
stances into soluble compounds. 

Table IV. Examination for Metals, — "Behawiout of metallic solutions with hy- 
drochloric acid, hydrosulphuric acid, sulphide of ammonium, and 
carbonate of ammonium, successively applied. 

Table V. Examination for Metals, — Precipitate produced by hydrosulphuric 
acid in a warm acid solution. 

Table YL Examination for Metals, — Precipitate produced by sulphide of ammo- 
nium in presence of chloride of ammonium. 

Table VII. Examination for Metals, — Precipitate produced by carbonate of am- 
monium, in presence of chloride of ammonium and free ammonia. 

Table TIIL Examination Jbr Metals, — Metals which are not precipitated either by 
hydrosulphuric acid, sulphide of ammonium, or carbonate of ammonium. 

Table IX. Preliminary Examination for Acids. — Behaviour of the most im- 
portant acids on heating their salts with ccmcentrated sulphuric acid. 

Tables X. and XI. Examination for Acids. — Behaviour of the most important acids 
with reagents in the wet way. 

Table XII. Silicate Analyses. — Behanoor of natural lilicateB to acids. 



Table I. 



I. Behaviour of Inorganic Bodies at a high tempera 



Are readily volatile 
when heated on char* 
coal or platinum' 
foilj or in a dry test' 
tube : 



Anunoniiini-, Heronry-, and some Arsenic- oompounds 
oompounds are deooxnposed bj heat, and are generally blacke 



Melty without vola- 
tilising or changing 
colour : 



Most Alkaline, and some Alkaline-earthy, salts. The 
Zeolites). Borates and Aiiim swell up : Chloride of 
mnth. Zinc, Tin, are easily fosible before the blowpipe : 



3. Detonate when heated 
on charcoal: 



4. Are infusible or diffi- 

cultly fusible, and 
do not change colour : 

5, Become o/a darherco- 

lour on heating : 



Nitrates, Chlorates, Ferehlorate&, Bromates, lods 



The oxides and salts of the Earthy and Alkaline-earthy 
the earths have no alkaline reaction. Silica and many SH 
Iridinm, Palladinm, Bhodinm, are infusible before 1 

Oxides and Salts of Zinc (with greenish-yellow incandesce 
Mercury (and Chromates), become brown. 



6. Colour the outer blow- 
pipe flame when 
heated on platinum^ 
wire (if in the form 
of metallic salts, on 
charcoal) : 



Yellow. 
Sodinxn. 



Violet. 



Crimson, 



Potassium Idthiom, 

(except the borate and Strontliun.* 

phosphate). 
* Especially afk«r moistening with hydrodilorle acid or additiLoi 
t Especially on addition of chloride of silver. 
t Metallic phosphates and borates, after moistening with sulphi 



7. Moistened with cobalt- 
solution, and strongly 
heated on charcoaX 
give: 



8. Heated on charcoal 
with carbonate of 
sodium (or carbonate 
of sodium and cy- 
anide of potassium) 
in the inner flame, 
give : 



9. Heated in a glass 
tube open at both 
ends, held obliquely, 
give : 



10. In contact with zinc 
and hydrochloric 
(or sulphuric) acid, 
colour the solution : 



Blue glass. 

{Fhospliatei. 
Borates. 
SiUoates. 



Blue infusible mass. 

Alamininm, and many of its Zinc-ox 

compounds. Titanic 

Earthy Fhospliatefl. Binoxid 

Silica, and many Silicatei. Antimo 

Earths. NioUc \ 



Gtaxlic smell. 

Most Arsenic 
compounds. 



Alkaline Sulphide* 
(Selenide or TeUuride.) 

All compounds containing 
Sulphur (Selenium or 
Tellurium). 

The mass, when moistened, stains metallic silver hlacl^ and 
when heated with adds evolves hydroeulphuric (liydroselenio 
or hydrotellnric) acid. 



Met 



Malleable shin 



Copper, rei 
Gold, yelk 



Or&aes having a peculiar smell. Metallic a 

Sulphides (of burning sulphur). Many Arsenic 
Selenides (of horse-radish). compounds < 

Arsenides (of prlic). addition of 

Many Ammoniacal compounds (of ammonia). sodium). 

Flnorides (on addition of microcosmic salt). 



Violet or blue. 
Titanic add. 



Blue. 



Blue, cha 



Tungstic add 
(chlorides of Tantalum and Niobium). 



Preliminary Examination, 
are, either alone, or in presence of reducing agents. 



SlQphTir and its acids : Water, &c. Carbon boms when heated in the air. All org^anio 

ed, owing to the separation of carbon. 



retain an alkaline reaction after strong ignition in the inner flame. Many Silicates {e, g, 
iodiiim decrepitates. MetaUio Antimony, Lead, Cadmium, TeUnrinm, Bis- 
copper, Silver, Gold, with difficfolty. The six first metals gire an incrustation of oxide. 



;e8, &c. 



metals. When ignited they become vividly incandescent, with a white light : after ignition 
cates. Metallic Iron, Nickel, Cobalt, Molybdenum, Wolfram, FlatiniUD, 
le blowpipe. 

ice), Tin, Titanium, Niobium, Antimony, become yellow : those of Lead, Bismuth, 



Keddish-yellow. 
CaldimL* 



Yellow-gpeen* 

Barinm,* 
Xolybdemim. 



of chloride of silyer : the oolonttlon Is transitory, 
icadd. 



Green. 

Cuprio ozide,t 
Fhosphorio acid,:!: 
Boric acid,t 
TeUnrons acid. 



Blue. 

Anenic, 
Antimoiiy, 
Lead, 
Seleidnm, 
Cuprio chloridcf 



Green mass. 

^yd..]y*"°^^*-««»°- 

) of Tin, Uuish-green. 



Flesh-red mass. Brown or brick-red mass. Grey mass. 
Baryta. 



Kagnesia, 
Tantalie anhyd. 



Olucina, 
Strontia. 



1, without Incrustation. 

Qg scales. Grey infiisible powder. 

... ITiokel, Wolfram, 

^^^' Cobalt, Platmnm, 

Iron, Iridiiun. 
IT. Xolybdenum, 



Metal, with Incrustation. 

Antimony, 
VL brittle. Inc. white. 
Bismnth, 
M. brittle. Inc. brown-yellow. 

Lead, 
M. malleable. Inc. yellow. 



Incrustation, 
without Metal. 

SSne, white, not volatile 

in enter flame. 
Cadminm, brown-red. 
TeUnrinm, white. 



iblimate. 

ind Heronry 

especially on 
carbonate of 



White sublimate. 
ArsenidM, crystalline. 

Many Ammoninm-ialta. 



Posed sublimate. 
^ ^* ^ '»^ -V 
Hiffher Snlpbides 

(brown-yellow). 
Selenides and Setoninm 

(blackiBh-red). 
Snlphide of Arsenie. 



Water. 

All Hydrated 
lalts. 



aging to green and dark-brown. 
Molybdio add. 



Blue, changing to dark-brown. G-reen. 

Kiobons add. Chromio add. 



Talile n. 

II. Behaviour of Metallic Oxides before the 

A clear bead is fonned by fusing the flux on a loop made at the end of a platinum-wire: the bead is d 

flame, it is sometimes advisable to employ charcoal instead of platinum- wire. The colour of the be 

h. signifies hot ; c cold ; supers, that the bead is supersaturated ' 



Colour of the 
Bead. 


With Microcosmio Salt. 


In outer or oxidising Flame. 


In inner or reducing Fl 


Colourless, 


Silica swims undissolred. Alumina^ Stan- 
nic oxide. All Alkaline earths, and 
Earths (supers, opaque). Tantalic, Nio- 
bic. Titanic, Tungstic anhydrides; Zinc-, 
Cadmium-, Lead-, Bismuth-, Antimonic 
oxides not sat. : (supers, yellowish). 


Silica swims undissolved. Alum 
alkaline earths and earths (supen 
Ceric, Didymic, Manganic, Stam 


Yellow or broumish. 


h. not sat Ferric and Ceric oxides, h, Va- 
nadic anhyd,, Uranic oxide. Oxide of 
Silver, c Nickel-oxide. 


h. Ferric oxide (reddish), Titam 


Red, 


h. Nickel-oxide, h. supers. Ferric and 
Ceric oxides. 


h. Ferric oxide, c. Titanic and 
anhyd, containing iron (blood-rt 
pric oxide. 


Violet w Amethyst 


Manganic and Didymic oxides. 


c. Titanic anhyd. Niobous an 
sat). 


Blue. 


Cobalt-oxide, c Cupric oxide. 


Cobalt-oxide. Tungstic anhyd, 
anhyd, (supers.) 


Oreen, 


h. Cupric oxide, Molybdic anhyd.. Ferric 
oxide containing cobalt or copper, c. Chro- 
mic and Uranic oxides. 


c. Chromic and JJranic oxides, 
and Molybdic anhyd. 


Orey and Opaque, 




c. Oxides of Silver, Zinc, Cadmit 
Bismuth, Antimony: Tellurous t 



Preliminary Ewamination. 
'k Blowpipe with Microcosmic Salt and Borax. 

ii dipped into the finely-powdered substance under examination, and again heated. In heating in the inner 
(bead frequently yaries with its temperature, and with the quantity of oxide employed. In this table 
Kdrith oxide ; not sat. that it is not completely saturated with oxide. 



name. 



mina. All 
no, opaque). 
mic oxides. 



m anhfd. 



d Tungstic 
Ml). Ou- 



\hyd. (not 



NiohotM 



Vanadic 



n, Lead, 
*ihyd. 



With Borax. 



In outer or oxidising Flame. 



SiHcOy Alumina, Stannic oxide, — Supers, 
opaque : Alkaline earths and Earths, Ox- 
ide of silver, Tantalic, Niobic, Tellurous 
anhydrides. — Not sat: Titanic, Tungstic, 
Molybdic anhydrides. Zinc-, Cadmium-, 
Lead-, Bismuth-, Antimonic oxides. 



h. Vanadic anhyd. h. not sat. Ferric and 
Uranic oxides, h. supers. Lead-, Bismuth-, 
and Antimonic oxides. 



In inner or reducing Flame. 



Silica, Alumina, Stannic oxide. — Supers, 
opaque : Alkaline earths and Earths, Lan- 
thanic and Ceric oxides, Tantalic anhyd. 
Manganic aad Didymic oxides, h. Cu- 
pric oxide. 



h. Tungstic anhyd.. Titanic, Vanadic, and 
Molybdic anhyd. (brownish). 



h. Ceric and Ferric oxides, c. Nickel- 
oxide (red-brown), h. supers. Chromic 
oxide. 



Manganic and Didymic oxides. Nickel- 
oxide containing cobalt. 



Cobalt-oxide, c. Cupric oxide. 



c. Chromic oxide, Vanadic anhyd. h. Cu- 
pric oxide, Ferric oxide containing copper 
or cobalt. 



c. Cupric Oxide (supers, opaque). 



Cobalt-oxide. 



Ferric, Uranic, Chromic oxides, 
nadic anhyd. 



c. Va- 



The same as with microcosmic salt. Also 
Nickel-oxide, and (supers.) Niobous anhyd. 



Table m. 

III. Conversion of Insoluble Su 

When a finely powdered substance is neither dissolved by successive treatment with watefy dilute or coi 
a manner as to give an idea of the nature of the insoluble substance, it must be rendered soluble, in order t 
many cases on the results of the preliminary examination, which must therefore be performed with cs 
compound is finely powdered, and fused with 4 times its weight of carbonates of potassium and sodium, 
contain arsenic or any easily reducible metal (antimony, tin, lead, bismuth, &c.), the fusion must not be e! 



1. Sulphates 

(of Barium, Strontium, Lead). 



Heated on charcoal with carbonate of 
sodium, they give an alkaline sulphide. 

Sulphates of barium and strontium 
are rendered soluble by fusion with 
4 pts. alkaline 'carbonate. After treat- 
ment with water, the solution con- 
tains the add, the residue the base^ 
which is now soluble in hydrochloric 
acid. — Sulphate of lead gives a me- 
tallic globule when heated with car- 
bonate of sodium, is blackened by sul- 
phide of ammonium, and is soluble in 
basic tartrate of ammonium. — Sulphate 
of calcium is slightly soluble in water. 



6. Binoxide of Tin, or Anti- 
monic Anhydride. 



Heated on charcoal with carbonate of 
sodium, they give a metallic globule 
(soft or brittle): are coloured by sul- 
phide of ammonium. 

Rendered soluble by fusion with 
3 to 4 pts. alkaline carbonate. Are 
soluble in excess of yellow sulphide of 
ammonium. 



2. Silica and Silicates. 



Swim undissolved in a bead of 
microcosmic salt. 

Those silicates which are not 
decomposed by hydrochloric acid are 
rendered soluble by fusion with 
3 to 4 pts. alkaline carbonate (or 
hydrate of barium), treatment with 
hydrochloric acid, and separation of 
silica by evaporation with free hydro- 
chloric acid : or by hydrofluoric acid 
(p. 54). In both cases the substance 
must be very finely powdered. 



8. Pin 

(Fluor-J 



When treated with 
evolve hydrofluoric 
glass : if silica be pre 
is evolved, which g 
contact with water. 

Rendered soluble 
alkaline carbonate (^ 
if necessary), and dij 
The solution contains 
the bases, which are 
chloric acid« 



7. Tantalic, Tungstic, Ti- 
tanic, Niobons Anhy- 
drides. 



Give with microcosmic salt a 
blue, violet, or (in presence of iron) 
a blood-red bead ; with zinc and 
hydrochloric acid, a coloured solu- 
tion. 

Rendered soluble by fusion with 
6 pts. acid sulphate of potassium (or 
alkaline carbonate) (pp. 106, 171). 



8. Chloride, Brc 
Silver. Su 
lybdenum, \ 



Chloride, bromide 
give metallic silver ^ 
bonate of sodium, or 
treated with zinc and 

Sulphide of lead [ 
with carbonate of sod 
it gives sulphate of 
molybdenum gives a 
with microcosmic sal 
converted into molyl 
gives a blue colour ^ 
chloric acid. 



Dbstances into Soluble Compounds. 



Treatment of Insoluble Substances, 



»eentrated hydrochloric or nitric acid, or aqucHregia, nor decomposed or attacked by the acids in such 
[hat ita constituent elements may be determined in the wet way. The method of doing this depends in 
are In case no distinct indication of the treatment to be adopted is obtained, according to this table, the 



E. the fused mass exhausted with water, and the residue treated with hydrochloric acid. 
ifected in a platinum crucible. 



If the compound 



lorides. 

spar, &c.) 

Iconcent. sulphuric acid, 
add, which corrodes 
leent, fluoride of silicon 
lives a precipitate on 

by fusion with 4 pts. 
fith addition of silica 
^estion with hot water. 
! the acids, the residue 
now soluble in hydro- 



unide, Iodide of 
Iphides of Mo- 
[joad, &c. 



and iodide of silver 
irhen fused with car- 
with lime ; or when 
dilute sulphuric acid, 
ives a metallic globule 
um: with nitric acid 
lead. Sulphide of 
yellowish-green bead 
i: by roasting it is 
lie anhydride, which 
ith zinc and hydro- 



4. Alumina or Aluminates. 



Give a blue infusible mass when 
heated with cobalt-solution. 

Rendered soluble by fusion with 
3 to 4 pts. acid sulphate of potas- 
sium (or alkaline carbonate) and 
treatment with water or hydro- 
chloric acid. 



9. Metals. 

(Osmide of Iridimn, or residues 
of Platinum-ores.) 



The insoluble substance has me- 
tallic lustre, or is a black powder, 
not affected by ignition. 

Rendered soluble by igniting the 
powder, mixed with chloride of 
sodium, in a stream of chlorine : or 
by fusion with potash and chlorate 
of potassium. 



5. Chromio Oxide. 

(Chrome-iron-ore.) 



Gives a green bead in both flames 
with borax or microcosmic salt 

Rendered soluble by fusion with acid 
sulphate of potassium, or with alkaline 
carbonate and nitre. Chrome-iron-orei by 
successive fusion with both fluxes (p. 
176). 



10. Carbon. 



The insoluble substance is black (as 
diamond, colourless) ; and disappears 
when strongly ignited in an open pla- 
tinum crucible, or before the blowpipe. 

Detonates when fused with nitre, 
forming carbonate of potassium : yields 
carbonic anhydride when ignited with 
oxide of copper. 



Table I¥. 

IV. Behaviour of Metallic Solutions with Hydrochloric Acid, ] 

Ammonium, sue 



Hydrochloric 
Acid. 



Metals which are pre- 
cipitated as chlorides 
from their neutral or 
acid solutions by hy- 
drochloric acid* 



Hydrosulphuric Acid. 



Metals which are precipitated as sulphides from their 
hydrochloric acid solution by hydrosulphuric add. 



Lead (partially), white, 
crystalline, soluble in 
much hot water, pre- 
cipitated thence by 
sulphuric acid. 

Silver, white, curdy, 
soluble in ammonia, 
precipitated thence by 
nitric acid. 

Kerenry as lubsalt, 

white, finely-divided, ' 
blackened by am- 



Soluble in sulphide of 
ammonium. 



Arsenie (yellow). 
Antimony (orange). 
Tin* (brown or yellow). 

Platinum U ; 

Kolybdenomf (brown). 
[Seleninm] (red-yellow). 
[TeUnrinm] (black). 



Metals whose salts 
are partly re- 
duced in an acid 
solution by htf- 
drosulph, acid, 
with separation 
of sulphur.* 



Insoluble in sulphide 
of ammonium. 



> (black). 



Kercnry 
Silver 
Leadf 
Copper J 
Cadmium (yellow). 
Bismuth (brown). 
[Palladium]:!: \ 
[Osmium] ( (black- 
[Shodium] i brown). 
[Buthenium] / 



Iron as ferric 
salt 

The solution be- 
comes colourless, 
and contains a 
ferrous salt 

Chromium as 
cluromate. 

The solution be- 
comes green, and 
contains a chro- 
mic salt 



M< 



(Tl 



Nic 
Cob 
Iroi 
Ura 
Kaz 
Zinc 



* In a saturated solution 
of a barium-salt, liydrochl. 
acid ffives a white precip. 
readily soluble in water. 

In an alkaline solution. 

hydrochloric (or nitric) acid 

; gives a precipitate in pre- 

j senceof 

; Silicic 



Antimonic 
TuHffftie 
I Molpbdic 



adds; 



' or of those metals whose 
! oxides are soluble in alkalis 
: (aluminium, &c., soluble in 
excess of acid) ; or of cy- 
anidet and ferroeyanide$ ; 
or of those tulphides which 
are soluble in sulphide of 
ammonium. In presence of 
soluble poly»uh>hide$ or hp- 
poaufphite$t sulphur is se- 
parated. 



• flnS Ib tsrE>wTi. ^8= yellow. 
FmiTi the p<*jUitli:ni **t SnS in 
snlrhiCD of ftpn^uonlnm, hy- 
drophl, Rt'iil priicipttiitefl yel- 
low SllSS^ 

t Thi'imlpliklf? of Woffram 
and [yfumrtiaml An hot pre- 
cip. fey h\<tTOSu1r»Ti. Mid nran 
an Acv\ scjliii Um ; l3«t they w© 
w1n*n ili^lr snliiHoTi in sxA- 
ph'ulf uf VLtmnonh\m m de- 
composod by An add. 



* Mercury as protosalt is 

§recip. white by a little hy- 
rosulph. add; black by ex- 
cess. 

t Lead is only precip. com- 
pletely from dilute, not too 
acid,solutions. 
t The sulphides of all the 

£latinum-metals are predpi- 
ited very slowly. 



* Sulphur is also 
separated in presence 
of flree eklorine, bro- 
mine, and iodine, of 
gulphuroue, nitroue, 
hppochloroua, chlo- 
ric, iodic, bromic 
aeida, &c. : and gene- 
rally in presence of 
easily reducible salts 
of metals which are 
not precip. as sul- 
phides flrom an add 
solution. 



•S 
cobal 
in aa 
acids 
slight 
phide 
abro 

t S 
solub 



The metals enclosed thus [ ] are very rare, anc 



Examination for Metals. 
ydrosulphuric Acid, Sulphide of Ammonium, and Carbonate of 
lessively applied. 



Stdphida of Ammonium. 



Carbonate of Ammonium. 



alB which are precipitated hy sulphide ofammonium^ in presence 

of chloride of ammonium. 
» solution should be neutralised with ammonia before adding sulphide 
of ammonium.) 



Metals which are precipitated neither 
by hydrotulphuric acid nor by 
sulphide of ammonium. Car- 
botuUe of ammonium, in presence 
of chloride of ammonium. 



As Sulphides : 



As Hydrates: 
also precip. by ammonia. 



: \ 

As Salts: 
also prec by amm. 



precipitates* 



does not 
' precip. 



It 



: (black). 



liom (bkck-brown). 
ganese (flesh-red). 
t (white). 



a. soluble in potash. 

Alutni-nimn * \ (ooIoUT- 

[Oluoinnm] ] less). 
Chromiam (green). 
[Tantalum] f. 
[Kiobium]. 



aphides of nickel and 
are difflraltl/ soluble 

dc and dilate nydrochl. 
Sulphide of nickel is 

y sol. in yellow sul- 

of ammonium, fbrming 

m solution. 

ilphide of zino is in- 

) in acetic add. 



h. insoL in potash. 
[Gerinm] 
[Lanthanum] 
[Didymium] 
[Yttrium] 
[Erbium] 
[Terbium] 
[Zirconium] 
[Thorium] 
[Titanium] 



& 



* In presence of phosphoric 
acid aluminium is also predp. 
as phosphate, sol. in potash. 

t Soluble after ftision with 
potash. 



a. in presence of 
phosphoric acid. 

Xagneiium (crys- 
talline). 

b. in presence of 
phosphoric, ox- 
alic, boric or hy- 
drofluoric acid. 

Calcium 

Strontium 

Barium 

as phosphates, ox- 
alates, borates, 
or fluorides. 



Barium 
Strontium 
Calcium 
as carbonates. 



)l 






* The alkaline- 
earthy phosphates 
are insol. in potash, 
sol. in acetic add. 
Oxalate of caldom is 
insol. in acetic add. 



* The predpitation 
is not complete unless 
ammonia is added, 
and the whole heated 
toboiUng. 



a. precipitable 
by phosphate 
of sodium (and 
ammonia). 

Magneiium 
(crystalline). 

b. not precip. by 
phosphate of 
sodium. 

Potaisium. 
Sodium, 
[lithium].* 
Ammonium. 



* A concentrated 
solution of a li- 
thiumHult is pre- 
dp. by phosph. sod. 



need not be sought for except in special cases. 



Table If. Grot 

V. Precipitate produced by Hydrosulj 

THe Bolution should always be acidulated with hydrochloric acid: a white precip. indicates Silver, Ml 
should be expelled by evaporation to dryness (Utterly in water-bath) ; the residue is dissolved in water, i 
with hydrochl. acid. The precip. produced by hydrosulph. acid is thoroughly washed, and a portion of it 
residue (if any), and the filtrate mixed with hydrochl. (or dilute sulphuric) add. If the precip. thus \ 
sulph. amm. has dissolved somethinff. In the latter case, the whole of the precip. by hydrosulph. acid ia 
hydrochl. acid in the sulph. amm. solution, as in A. 



A. Portion soluble in 



The Precipitate is yellow (Arsenic^ Tin), or orange-red ( 
Boiled with a concentrated solution of acid sulphite 0/ potassium (or sesquicm 



FUtrate. 

Sulphide 0/ Arsenic (a little sulphide of tin). 

Precipitate by dilute hydrochl. add, dissolve the predp. in 
aqua-regia, and test the solution for arsenic in Marshes appa> 
ratus (p. 82). (Arsenic-stains are soluble in hypochlorite of 
sodium, and when dissolved in nitric acid give a yellow or red- 
brown precip. with ammonio-nitrate of silver). Or fuse the pre- 
cip. with carbonate of sodium and cyanide of potassium, when 
arsenic sublimes, and tin remains behind in metallic state. 



Sulphides i 

Dissolve in aqua-regia, and test 
latus. (Antimony-stains are inaol. 
with nitric acid, give no priecip. wit 
tallic powder left in the apparatui 
in hydrochloric add, and chloride oi 
cates tin. 



B. Portion insoluble in 



If the solution was addulated with hydrochl. add in the first instance, this residue can contain neithei 

looked for in the an 

BoU icith nitric acid (guitt 



Hesidue may consist of: 



Sulphur. 

Yellow or grey : collects 
in globules, in which 
sulphide of mercury may 
be endosed. 



Sulphide 0/ Mercury. 

Bhick, curdy. Dissolve in aqua- 
regia, concentrate by evapora- 
tion, and add chloride of tin : 
white or grey precip. indicates 
mercufy 



Sulphate of Lead. 

White, finely- divided. 
Soluble in tartrate of 
ammonium, repredp. by 
sulphuric add. 



/ " "- N 

If mercury be found in this residue (the solution having been originally 
acidulated with hydrochl. add), it must have been aBprotosalt, 



(If the aolutj 



y 

Precipitate (u 
Sulphate of 1 

Soluble in tartr. 
precip. yellow by cl 
of potaMium. 



m I. 



Examination for Metals, 



ttlphuric Acid in a warm acid solution. 

Ircury as Subsali, or Lead (to be examined as in Table IV.). If the solution contun free nitric acid, it 
er,nd acidulated by hydrochh acid : or the solution may be neutralised with ammonia, and then acidulated 
itiigested with sulphide of ammonium (if copper be present, with sulphide of potassium), filtered from the 
B ^duced is tohite and mitky, it is only sulphur : if it is curdtf and more or less coloured, it proves that 
jreated in the same manner: the residue insoL in sulph. amm. examined as in B : and the precip. formed by 



nlnlphide of Ammonium. 



[(Antimony), 
^Hmaie of ammonium). 



^f Antimony md Tin. 

It the solution for antimony in Marshes appa- 
In hypochlorite of sodium, and when treated 
ii ammonio-nitrate of silver.) The black me- 
is separated by levigation, washed, dissolved 
i mercury added : a white or grey |Hrecip. indi- 



The Precip. is dark-coloured. 



It may contain alio 
Sulphide of copper (traces). 
,, platinum 
„ [iridium] 
„ gold 
„ [tellurium'] 
„ [selenium] 
,j molybdenum 
„ wolfram 
„ [vanadium] 



detected by their be- 
haviour to reducing 
agents, (chloride of tin, 
sulphurous acid, &c.,) 
and by their blowpipe 
reactions. 



iSolphide of Ammonium. 

; sulphide of silver nor sub-sulphide of mercury, 
ilysis of platinum- ore. 

free from hydrochloric acid). 



Osmium, Rhodium, and Ruthenium need only be 



Solution may contain : Lead, Bismuth, Copper, Cadmium. 
m be brotcn it probably contsims palladium, and will give a black precip. with iodide of potassium.) 

Add dilute sulphuric acid. 



ite) 
td. 

amm., 
omate 



Filtrate : neutralise with ammonia. 



Precipitate (white) 
Hydrate of Bismuth. 

Its solution in as little 
hydrochl. acid as possible 
is precip. by water. 



Filtrate may contain : 



Copper. 

The solution is blue: and 
gives a brown precip. when 
acidulated, and mixed with 
ferrocyanide of potassium. 



Cadmium. 

If copper is absent, the solution is co- 
lourless, and gives a yellow precip. with 
hydrosulph. acid. If copper be present, 
add cyanide of potass, till the blue colour 
disappears, and then hydrosulph. acid : 
a yellow precip. indicates cadmium. 



Table TI. 



Groi 



VI. Precipitate produced by Sulphide of Ami 

If nickel is present, the filtrate is probably brown. The precipitate is thoroughly washed, and dissolve 
nickel), it is tested for cobalt before the blowpipe (p. 147), and then completely dissolved in not too 
hydrochloric acid solution. The whole is then (whether there be any insoluble residue, or no) heated w 
any protosalt of iron that may be present into sesquisalt. (If iron be present, the original solution m 
proto- or sesquisalt.) 



Excess of potash is added to the solution, the 



The Filtrate may contain* 



Chromium, Zinc, Aluminium, Phosphate of Aluminium, 

[Glucinum']. 

Boil with excess of binozide of lead, filter, and saturate the 

filtrate with a large excess of acetic acid : 



Precipitate (yellow). 
Chromate of lead*: indicates 
presence of 

Chromiuxn. 

Chromium is also precipitated 
by long boiling of the (green) 
potash solution. 



Filtrate may contain : 

Zinc, 

Aluminium, 

Phosphate of Aluminium*, 

[Gludnum^ 



Cobalt, Nickel, Manganese, Iron, 
Strontium, Calcium and Magnest 
and Zinc^ with Iron). 

Dissolve the wai 

/- " 

Filtrate may contaix 

Cobalt, Nickel, Manganese {Zin 

Acidulate slightly with acetic acid, si 

sulph. acid, and heat gc 



Remove lead from filtrate by sulphuric acid and alcohol, add 
excess of carbonate of ammonium, and digest for some time : 



Precipitate may contain : 

Alumina, phosphate of 

aluminium. 

Dissolve in nitric acid, add 

molybdate of ammonium, 

and heat : a yellow precip. 

indicates 

Fhosphoric acid. 

If no phosphate be present, the 
precip. consists of 
Alumina. 



Filtrate may contain : 
Zinc J [Glucinum']. 

Divide it into 2 portions. 

Acidulate the 1st with acetic 

acid, add hydrosulph. acid : 

a whitish precip. indicates 

Zinc. 

Boil the 2nd for some time : a 
precip. indicates 

[Glncinnni]. 



* To detect traces of altmiHium in presence of a large amount of mm, the 
sulphide of ammonimn precip. is boiled at once with potash, the filtrate 
acidulated with hydrochl. acid, and neutralised with carb. amm.- Chromium 
may be found in the predp. or iron in the filtrate, according to the relative 
proportion of the two metals (p. 176;.— If magnetium be present besides 
ehromiwm or alvmimumt it is always partially precip. by ammonia or sul- 
phide of ammonium, as a gelatinous compound, insol. in potash : it is 
separated by repeated solution in hydrochl. acid, and precipitation by am- 
monia, in presence of excess of chloride of ammonium. The best way of 
separating etmmium fi-om a/«mi«t<«m, iron, and magnerium, is by llision 
with carb. pot. and nitre (p. 176).— For separation oUphotpMoric acid from 
ofomintiMiij see p. 6L.~-The predp. of (Promote of lead should also be dis- 



solved in nitric add, and t 



for pkoaphorie add by molybd. amm. 



Precipitate : 
Sulphide of cobalt y 
„ nickel, 

(zinc). 
Test by blowpipe for 
Cobalt. 

Dissolve in hydrochl. acid, 
boil with excess of cy- 
anide of potassium, add 
potash, when cold, and 
saturate with chlorine : 
formation of a black so- 
lution indicates 
Nickel (p. 146). 



C 

Evap. t< 

residu 

with ( 

Agree 

Boil th< 

with : 

oxide 

solutic 

Man 



t Zinc is not completely separated fh)m t 
if iron be present, e%nc is always found in th< 
and is precip. as sulphide with cobalt and ni 
method of separating iron from zinc, as w 
nickel, and cobalt, is to heat the feeblp ad 
acetate of sodium, when the iron (if prepen 
pletely precipitated. — A solution containii 
when mixed with ammonia and chlor. am 
manganic hvdrate when exposed to the air 
liable to be found in the ammoniarprecip. 



)up II. Efioamxnation for Metals. 

monium, in presence of cUoride of ammonium. 

ed off the filter in warm dilate hydrochloric acid. If a black residue remains (sulphides of cobalt and 
much hot hydrochloric acid, with addition of a little nitric acid or chlorate of potassium, and added to the 
fith a little nitric acid or chlorate of potassium, in order to decompose the hydrosulphuric acid, and to convert 
oast be tested by sulphocyanate or ferricyanide of potassium (p. 156), to ascertain whether it is present as a 



e whole gently heated, and filtered when cold: 



The Precipitate may contain : 



Uranium, and the rare earthy metals whose hydrates are insol. in potash]: Phosphates of Barium, 
mm : Oxalate and Fluoride of Calcium (also Aluminium and Chromium, with Iron or Magnesium : 

ihed precip. in a little hydrochl. acid, and add ammonia and chloride of ammonium : 



if: 

Cy Magnesium). 

iturate with hydro-' 

ntly : 

\ 

Filtrate : 
Manganese. 
Magnesium.) 

dryness, and fuse 
; on platinum-foil 
irb. sod. and nitre : 
t colour indicates 
langanese. 

original substance 
itric acid and bin- 
of lead : a purple 
1 indicates 
l^anese (p. 150). 



yn by potash : hence, 
aramoniacal Bolutiou, 
eel. A more accurate 
1 as from manganew, 
ulated Bolution with 
as sesquisalt) is oom- 
; a manpuiouB salt, 
1., gradually deposits 
hence manga/nete is 



Precipitate may contain : 
Iron [Uranium, and the rare earthy metals] ; phosphates of Barium, Strontium, 
Calcium, and Magnesium ; oxalate and fluoride of Calcium : (also Alumi- 
nium, Chromium, and Manganese). 

Digest the precip. with a concent, solution of carbonate of ammonium : % 



Residue may contain : 
Iron; phosphates of Barium, Strontium, Cal- 
cium, and Magnesium : oxalate and fluoride 
of Calcium. 

Dissolve in as little hydrochl. acid as possible, and 
test for each constituent in a separate portion, as 
follows : 

a. For iron, by sulphocyanate or ferrocyanide of 

potassium. 

b. For barium and strontium, by sulphate of calcium. 

c. Yov magnesium. Add acetate of sodium, and then 

ferric chloride till a red colour is produced, heat to 
boiling, filter, precipitate filtrate with carb. amm., 
and test with phosphate of sodium. 

d. Yor phosphoric acid, by molybdate of ammonium. 

e. For oxalic acid. Acetate ofsodiumprecips. white 

oxalate of calcium, insol. in acetic acid, converted 
by ignition into carbonate. § 
fl FoT fluorine, with the original substance, as at p. 46. 



Solution may contain : 
lUranium."] \\ 
[Cerium.] 
[Lanthanum.] 
[Didgmium.'] 
[rttrium.] 
[Thorium.] 
[Zirconium.] 



^ir 



t This is only necessary when 
;he presence of the rare earthy 
metfus is suspected. 

II If uranium is present, the solu- 
tion, when neutralised by hydrochl. 
acid, gives a brown precip. with fer^ 



rocyanide of potassium. Uranium 
is also precip. by boiling the carb. 
amm. solution. 

f These metals mostly form 
difficultly soluble double salts with 
potassic sulphate (pp. 167— 109). 



LIf photph. add and iron are present, acetate of sodium throws down a yellowish flocculent or 
„ tinous precip. of ferric phosphate. In this case the presence of oxalic acid must be proved 
either by igniting the precip., or as follows :— Without adding aoet. sod. remove barium, strontium, 
and calcium by sulphuric acid and alcohol, filter, boil off alcohol from filtrate, precip. iron by am- 
monia, filter, and add sulphate of calcium to filtrate : a white precip.. insol. in acet. acid, sol. iu 
hydrochl. aad, indicates oxalic acid. 



Tables Til. and Tm. Grotji 

VII. Precipitate produced by Carbonate of Ammonium, 

This precipitate may consist of carbonates of barium, strontium, and calcium. It is washed and dii 



Portion I. 



Portion II. 



Portion I 



Add sulphate of calcium. 



Immediate precip. indicates 

Barinin. 

Cloudiness after a time : 

Strontium. 

Solution remains clear : 

Caloiom. 



Add * dilute sulphuric acid in 
excess, filter, neutralise the filtrate 
with ammonia, and add oxalate 
of ammonium : 

A white precip. insoL in acetic 
acid, indicates 

Caldnm. 



* The addition of solpfauric acid is 
unnecessary if bariom and strontium 
are absent. 



a. Barium is p\ 
Evaporate to dryness, digest the 

and set fire to the filtrate ; 

A crimson flame ii 
Strontinn 

b. Barium is a 
If the solution gives no precip. wi 

even after long standing, and gi 
time with sulphate of calcium, stro 



Grou 
VIII. Metals which are not precipitated either by hydrosulpl 

Evaporate a moderate quantity of the solution on platinum-foil : if no residue is left after ignitio 

solution into 2 portions, one 



Smaller Portion. 



Larger Portion. 



Add phosphate of ammonium 
and free ammonia : a white 
crystalline precip. indicates 

Maipiesiiun. 

The precip. forms very slowly 
if but little magnesium is present 

(If the precipitation of Group 
III. by carb. amm. was not ef- 
fected at a boiling heat, the ad- 
dition of phosph. amm. produces 
a slight curdy precip. of alka- 
line-earthy phosphate.) 



a. Magnesium is absent. Evaporate to dryness, and ignite gen 
portion of the residue before the blowpipe : a yellovD colour of the c 
and lithium may also be present, and should be looked for in the blow; 
residue with a mixture of absolute ether and alcohol, which dissolves 
by the crimson flame of the kindled spirit : or boil a portion of the i 
sodium, when the formation of a difficultly soluble salt indicates Lith: 
water and add bichloride of platinum and alcohol ; a yellow preci 
acid tartrate of sodium. 

b. Magnesium is present. Evap. to dryness and expel ammoniac 
in water, and add baryta- water to distinct alkaline reaction, and filt 
filtrate by carb. amm. and ammonia, filter, evap. filtrate to dryness, a 
proceed as in (a). — Or the magnesium may be removed by phosphate 
acid by chloride of barium, and of barium by sulphuric acid : filter, € 
test fixed residue, if any, for potassium and sodium by the blowpipe 
with the rest of the filtrate, as in (a). 



p III. Examination for Metals. 

tin presence of cUoride of ammonium and free ammonia. 

3solved off the filter in as little hydrochloric acid as possible, and the solution divided into 3 portions. 



II. 



resent. 

I residue in alcohol, filter, 

adicates 



'hsent. 

ith sulphate of strontium, 
yes a cloudiness after a 
ntium is present 



Bemarks. 



If the original solution contains no metals of Groups T. and II. it may be 
treated at once according to this table, without precipitating by carb. amm. : 
for the presence of magnesium and the alkaline metals interferes with none 
of these reactions, except that of Portion III. a. 

Barium is best detected in presence of strontium and calcium by means 
of sulphate of strontium, which gives a white precip. with barium-salts. If 
only a trace of barium be present, the precip. does not form at once. Barium 
is separated from strontium by fluosilicic acid, alcohol being added, in which 
fluosilicate of barium is quite insoluble. 



p IV. 



luric acid, sulphide of ammonium, or carbonate of ammonium. 

n, the solution need not be further examined, except for ammonia : if a residue is left, divide the 
much larger than the other. 



Anri-mmrinTn . 



tly, to expel ammoniacal salts. Test a 
liter flame indicates Sodium: Potassium 
ipe flame through blue glass. Digest the 
chloride of lithium only, to be detected 
esidue with carbonate and phosphate of 
am. Dissolve the rest of the residue in 
>. indicates Potassium. Confirm with 

l1 salts by ignition : dissolve the residue 
T. Remove excess of baryta from the 
id ignite. If any fixed residue remains, 
of ammonium, the excess of phosphoric 
('ap. a portion of filtrate to dryness, and 
, with and without blue glass. Confirm 



Ammonia must always be tested for in a fresh portion 
of the original solution, by heating it in a test-tube with 
lime or potash. The characteristic smell, or the formation 
of white fumes when a glass-rod moistened with dilute 
hydrochl. acid is held to the mouth of the tube, indicates 



TaMe IX. 



IX. Behaviour of the most important acids on hej 

A small portion of the dry substance is heated in a test-tube (not to boiling), with three or four timei 
decomposition, or which are decomposed bj sulphuric add at a high temperature, gases or vapou 



Acids which are not volatile or 
decomposed. 



"No gas or vapour is evolved. 
"No blackening of the mixture. 



Silioio, separated by evaporation with by- 
drochl. acid, and identified by fusion with 
microcosmic salt before blowpipe. 

Borio, colours alcohol-flame green, after ad- 
dition of sulphuric acid. 

Fhospliorio, detected in neutral solutions by 
a magnesium-salt, chloride of ammonium, 
and ammonia : in acid solutions by molyb- 
date of ammonium, or ferric chloride and 
acetate of sodium. 

Snlplmric, barium-salt insol. in acids ; sul- 
phates yield alkaline sulphides when heated 
on charcoal with carbonate of sodium. 

f Arsenic, like phogphoric; garlic-smell when 
heated on charcoal with carbonate of so- 
dium. 

f Belenio, barium-salt decomposed by boiling 
with strong hydrochl. acid. Selenates 
yield selenides when heated on charcoal 
with carbonate of sodium, 

f Tnngfltlc, detected by blowpipe : gives 
blue colour with zinc and hydrochl. acid. 

f Molybdic, detected by blowpipe : gives blue 
colour, changing to broton, with zinc and 
hydrochl. acid. 

fTitanio, detected by blowpipe : violet eolour 

with zinc and hydrochl. acid. 
Iodic, violet vapours on addition of ferrous 

sulphate ; iodates detonate when heated 

with charcoal. 



t These metallic adds will have been detected in the 
examination fbr metals. 



Acids which are v 



A coloured gas is 

evolved. 

No blackening of the 

mixture. 



iTHydriodio, violet vapours, 
which colour starch-paste 
blue ; black precip. with 
nitrate of palladium. 

:{:Hydrobroxnie, red vapours, 
which colour starch-paste 
orange. 

Bromic, the same. Bromates 
detonate when heated on 
charcoal. 

CUorio, greenish-yellow ex- 
plosive gas. Chlorates de- 
tonate when heated on char- 
coal. 

HypodhloroTLB, chlorine 
evolved, which decolorises 
indigo-solution. 

Kitrons, red vapours, even 
with dilute sulphuric acid. 



t With dUute snlphnrio acid, 
these adds jMurtially volatilise on- 
deoom] 



"No blackening of 
Volatile without d( 



Carbonic, odourless ; pre< 

Bnlphnroiu, smell of bum 
a solution of chromate c 

*H7dro8iilpliiirio, charai 
lours brovm paper moi 
solution. 

^Hydrooliloric, irritating 
white fumes on conta 
and with silver-solution 
cip. soluble in ammonia 

Nitric, on addition of copp 
sulphate, red fumes, w 
paste and iodide of poti 

Acetic, acetic ether evoh 
alcohol. 

Benzoic, neutral benzoate 
precip. with ferric chlori 

Succinic, the same: a sli 
long heating. 

Hydrofluoric, fuming gi 
glass. Metallic fluoride 
phuric acid in a glass vc 
fluoride of silicon, whi 
precip. of silica on conti 
moistened with water, 
have in the same way : 1 
of silicon when heated 
cible with sulphuric acic 



* With a mixture of salts, the reactions given in this table are often modified : thus a chloride, in presence of a nitrate, ev 
wbeMonde cfmerewry and ektoride qf tin do not evolve hydrochL acid witii strong si 



Preliminary Examination for Adds. 
ting their salts with concentrated sulphuric acid. 

its Volume of concentrated sulphuric acid. In the case of all acids which are either volatile without 
8 are evolved, the properties of which, in most cases, indicate the nature of the acids present.* 



>latile, or yield volatile products of decomposition. 



The vapours or gases evolved are colourless. 



;he mixture, 
composition. 



Decomposed by ignition. 
Without separation of carbon. With separation of carbon. 



pitates lime-water. 

ig sulphur ; colours 
potassium ffreen. 

teristic smell: co- 
tened with a lead- 
gas, which gives 
t with ammonia ; 
% white curdy pre- 

tr filings, or ferrous 
ich colour starch- 
si um blue, 

(d on addition of 



give light brown 
le. 

:ht blackening on 



(, which corrodes 
>, heated with sul- 
sel, evolve gaseous 
h gives a white 
:t with a glass-rod 
Fluosilicates be- 
ley evolve fluoride 
in a platinum cru- 



OxaliCy evolves carbonic anhydride and 
carbonic oxide : its calcium-salt is in- 
sol. in acetic acid. 

§Formio, evolves pure carbonic oxide, 
which bums with blue flame. 

§H7dToeya]iio, evolves carbonic oxide 
and ammonia. 

Cyanic, evolves carbonic anhyd., together 
with some undecomposed cyanic acid, 
which irritates the eyes. 

Snlphocyanio, same as hydrocyanic, with 
separation of sulphur. 

Chromio, evolves oxygen ; the solution 
becomes brown or green. Green bead 
with microcosmic salt. 

Hyposnlpliiirons, evolves sulphurous an- 
hydride and separates sulphur. Its 
alkaline salts are converted into sul- 
phides by heat. The other polythionic 
acids behave in the same way. 



4 With dUtOe snlphurio acid, these acids vola- 
tiliiie undecomposed, at least partially. Ferro- 
and ferricyanides behave like cyanides : they 
are detected in solatious by their reactions with 
ferric and ferrous salts. 



Non-volatile organic acids, \ 

The salts of all these acids blacken when 
heated with strong sulphurio acid, and evolve 
carbonic and sulphurous anhydrides, and car- 
bonic oxide. 

Tartaric, smell of burnt sugar. Its acid 
potassium-salt is diflicultly sol. in water: 
its calcium-salt is sol. in cold potash, or 
sal-ammoniac. ! 

Sacemic, calcium-salt insol. in sal-ammo- ' 
niac. i 

Citric, with excess of lime-water, gives a 
precip. on boiling, which redissolves , 
on cooling. I 

Kalio, no precip. with lime-water, either 
hot or cold. | 

I 
Taxmio, a white viscous precip. with 
gelatine : a blue-black precip. with ferric 
salts. 

Gallic, no precip. with gelatine : a dark- 
blue precip. with ferric salts. 

Uric, after evaporation with nitric acid, 
a purple colour with ammonia. 



Ives chlorine and red nitrons Annes : in presence of a eknmate. red fhmes of ehloroohromic acid (p S6), Ac" OUoHde and 



Table H. 

X. Behaviour of the most importani 

A. Examination Jbr acids in soluble compounds. — With an aqueous solution the first step is to test \ 
slightly alkaline solution, it is generally necessary to begin by removing all the metals contained in tl 
oxalates f phosphates^ &c, will be detected. The nature of the metals found will often imply the abseno 
a solution containing barium, nor hydrochloric acid in a solution containing silver. This is invariably ti 
acid has been added (for neutralisation or solution) of course it is impossible to test for that acid in tb 
instead of the reagent indicated in the table, to use the nitrate of the same base (since nitric acid form 
silver. These remarks apply also to Table XI., which is a continuation of this table. 



Hydrochloric or Nitric Acid 
precipitates : 

from a neutral or slightly alkaline 
solution. 



Silicic, gelatinous: in dilute solutions 
only after evaporation : precip. also by 
chloride or carbonate of ammonium. 

Boric, crystalline: from concentrated 
solutions only : green alcohol-flame on 
addition of sulphuric acid. 

Antimonio, white, sol. in tartaric acid. 

Tnngstic, white, yellow on boiling : blue 
colour with zinc and hydrochl. acid. 

Molybdic, white, soL in excess of acid : 
blue colour with zinc and hydrochl. 
acid : yellow precip. with phosphate of 
ammonium. 

Sulphur, white or yellowish : from hypo- 
sulphites with evolution of sulphurous 
anhydride: from polysulphides, of 
hydrosulphuric acid. 

Iodine, black precip. or brown colora- 
ation: from a solution of an iodide 
containing iodate. 

From an alkaline solution may also be 
predp. oxides and sulphides which are 
sol. in potash, and cyanides and chlorides 
which are soluble in cyanide of potassium. 
If the alkaline solution be saturated with 
hydrosulphuric acid, hydrochl. acid pre- 
cipitates as sulphides those metallic acids 
which form insol. sulphides. 

Of organic acids, benzoic, uric, and 
tartaric (as acid tartrate of potassium) are 
precip. by acids from alkaline solutions. 



Chloride (or Nitrate) of 
Barium precipitates : 

from a solution acidulated with 
nitric or hydrochloric acid. 



Sulphuric, white, finely divided. 
( If too much free acid be present, 
chloride or nitrate of barium may be 
precip.: sol. on adding water.) The 
precip. yields an alkaline sulphide 
when heated on charcoal with carb. 
sod. 

Selenic, the same. The precip. heated 
with strong hydrochl. acid evolves 
chlorine, and sulphurous acid pre- 
cips. red selenium from the solution : 
heated on charcoal with carb. sod. 
it gives a smell of horseradish. 

Fluosilicic, gelatinous, hardly visible : 
decomposed by strong acids. The 
precip. heated alone yields fluoride 
of silicon and fluoride of barium : 
with alkalis, silica and metallic flu- 
orides. 



from neutral solutions (precip. 
being sol. in acids; : 

Sulphurous, 

Phosphoric, 

Carbonic, 

Silicic, 

Hydrofluoric, 

Oxalic, 

Boric, 

Tartaric, 

Citric, 

Arsenic, 

Arsenious, 

Chromic, yellow. 



IS. 



Chic 



from a neutral sok 
(precip. is sol. in ac 



Phosphoric, white, » 
acid when freshly pi 

Arsenic, the same, sol 
of amm. The acidi 
tion is precip. by 1 
acid. 

Boric, white, sol. in \ 
not precip. from dilul 
Turmeric-paper dip] 
solution of the pre 
drochl. acid is bi 
drying. 

Carbonic, white, sol 
with efiervescence. 

Sulphurous, white, 
dilute solutions. 
of chlorine- water t 
solution of the preci 
of calcium is precip.^ 

Tartaric, white, sol. 
amm. or potash : 1 
solution is precip. by 

Citric, white, not unti 
ammonia or lime-wat 
and the whole boilec 

Ferrocyanldes are ] 
slowly : yellowish, 
sol. in acetic acid. 



• This reaction is ranch 1 
with chloride of barium. 



Examination Jor Adds. 
acids with j-eagents in the wet way. 

th litmus-paper whether it is add, neutral, or alkaline. As many acids must be sought for in a neutral or 
t solution, except the alkaline metals, by Table IV. : in which process the metallic acids and alkaline-earthy 
of one or more acids, so that they need not be looked for : thus sulphuric acid need not be looked for in 
le only in neutral or acid solutions : in alkaline solutions there are exceptions : see below. When an 

solution : a fresh portion of the substance under examination must be taken. It is sometimes necessary, . 

no insoluble salts) : e,g, nitrate must be substituted for chloride of barium for solutions containing lead or 



*ide of Calcium precipitates: 



ion only 
bic acid). 



from a neutral or acetic acid eolation 
(precip. is insoL in acetic acid). 



Sulphate (or Chloride) of 
Magnesium precipitates: . 

in presence of chloride of ammonium 
and free ammonia. 



. in acetic 

cip. 

in chloride 

ated solu- 

yrdrosulph. 

ilor. amm. 
: solutions. 
;d in the 
p. in hy- 
wn after 

in acids 

not from 

I addition 

the acid 

>. sulphate 

in chlor. 
le potash 
boiling. 

excess of 
r is added 

:ecipitated 
difficultly 



lore delicate 



Oxalic, white, insol. in chlor. amm. : after 
ignition effervesces with acids. Sulphate 
of calcium gives the precip. 

Bacemic, white, insol. in chlor. amm. Sul- 
phate of calcium gives the precip. after a 
time. 

Hydrofluoric, gelatinous: with strong sul- 
phuric acid the precip. evolves hydrofluoric 
acid, which corrodes glass. 

Sulphuric, white : not from dilute solutions : 
completely on addition of alcohol. 



Phosphoric, white, crystalline, sol. in all 
acids : forms slowly in dilute solutions. 

Arsenic, the same. The acidulated solution 
is precip. by hydrosulph. acid. 

Tartaric, white, forms slowly: only from 
concent, solutions. The precip. blackens 
on ignition. 



Separation of Oxalic, Tartaric, Citric, and Malic Acids. 



Add chloride of calcium and lime-water to alkaline reaction. 



Precipitate. 
Oxalate, Tartrate of calcium. 

Digest with cold potash. 



Residue. 

Oxalate of calc. 
Insol. in acetic acid 
or chloride of cop- 
per: sol. in hy- 
drochl. acid. 



Filtrate. 

Tartrate of calc. 
Precipitated gelati- 
nous on boiling the 
alkaline 8olution,re- 
dissolved on cooling. 



Filtrate. 
Citrate, Malaie of calcium. 

Heat to boiling. 



Precipitate. 

Citrate of calc. 
Sol. in chloride of 
copper. 



Filtrate. 

Malaie of calc. 
Precipitated by addi- 
tion of alcohol after 
evaporation. 



Table XI. 



XI. Behaviour of the most important acidi 



SesquJchloride of Iron 



Gives a precipitate. 



a. In presence of free hydrochl, acid. 

Ferrocyanides, deep-blae : the precip. is de- 
composed by potash into ferric hydrate and 
ferrocyanide of potassium. 

b. In a solution which is neutral, or con- 
tains free acetic acid (obtained by adding 
acetate of sodium to the hydrochl. acid so- 
lution). 

Phosphoric, yellowish- white : insoluble in 
acetic acid, sol. in hydrochl. acid or ferric 
acetate. 

Arsenic, the same : acid solution predp. by 
hydrosulph. acid. 

Tannic, black-blue. The original solntion 
is precip. by gelatine. 

c. In a neutral solution only. 

Boric, yellowish : its hydrochl add solution 
colours turmeric-paper brown. 

Benzoic, light-brown : hydrochl. acid gives 
a white crystalline precip. in the original 
concent, solution. 

Sncdnio, the same. The concent solution of 
the ammonium-salt (obtained by digesting 
the ferric salt in ammonia), is precip. by 
chloride of barium, in presence of alcohol 
and free ammonia (distinction £r. benzoic^ 



Gives a coloration. 



a. In presence of free hydrochl. acid. 

Ferricyanides, brown. Ferrous salts 
give deep- blue precip. 

Snlphocyanie, blood-red: destroyed 
by chloride of mercury, not by hy- 
drochl. acid. 



b. In neutral solutions only, 

(The colour is destroyed by hydrochl. 
acid.) 

Acetic, red-brown. The original com- 
pound, heated with sulphuric acid 
and alcohol, forms acetic ether. 

Formic, the same. The original com- 
pound reduces silver- and mercuric 
salts, with evolution of carbonic 
anhyd. 

Sulphurous, the same. The colour 
disappears on boiling, without a 
precip. The original compound 
evolves sulphurous anhyd. when 
treated with hydrochl. acid. 

Heoonic, blood-red ; not changed by 
chloride of gold. 

Oallic, black. The original solution 
is not precip. by gelatine. 



From a neutra 



The precip. is so 
at 

Phosphoric, yell( 
molybdate of ai 

Arsenic, red-broiH 
low. Original i 
by hydrosulph. 

Chromic, red. 1 
or red solution i 
sulphurous acid 

Oxalic, white : in 
The calcium-sa 
acetic acid. 

Boric, white : sol 
green alcohol-fl] 

Tartaric, white: 
duced on boilinj 

Citric, white. 

Silicic, yellow, fro 

All these precipj 
monia. Fyro- an 
acids are precip. 
after addition of ai 
by albumen. A i 
an acetate is pr 
silver, crystalline. 

Solpharons and 
white precips., i 
duce metallic si 



B. Examination for adds in compounds which are insol. in water or acids. — The nature of the co] 
Inorganic compounds (those which do not blacken when heated) are decomposed by fusing them, finely 
fused mass with water : the aqueous solution contains the acids, and is neutralised with hydrochl., nitrit 
decomposed by digestion in sulphide of ammonium, alkaline-earthy sulphates by boiling with a concent, 
aqua-regia, form sulphuric add. Insoluble salts of organic acids are decomposed by boiling with an t 
Ikaline salt of the acid, and is examined by Tables X. and XI. 



with reagents in the wet way (continued). 



Examination for Acids. 



Nitrate of Silver precipitates 



solution only. 



. in dilute nitric 
Id, 

V. Confinn with 
monium. 

1. ArsenioTiB, yel- 
:id solution precip. 
cid. 

le original yellow 
coloured green by 

ol. in acetic acid. 
; is also insol. in 



ble in acetic acid : 
ne. 

netallic silver re- 

1 concent, solution. 

are soluble in am- 
[ metaphosphoric 
white : the latter, 
;tic acid, is precip. 
)ncent. solution of 
cip. by nitrate of 

Tormic acids give 
id on heating re- 
rer. 



From an acid solution also. 



The precip. is insol. in dilute nitric acid. 

Hydrochloric, white, curdy, sol. in ammonia, 
or hyposulphite sod. 

Hydrobromic, the same; less sol. in am- 
monia. The original solution colours ether 
yellow on addition of chlorine- water. 

Hydriodic, yellow ; scarcely sol. in ammonia. 
Original solution gives blue colour with 
starch and nitrous fumes. 

Iodic, white : sol. in ammonia, whence sul- 
phurous acid precips. iodide of silver. Ori- 
ginal solution, in presence of an iodide, 
gives blue colour with starch and acetic 
acid. 

Hydrocyanic, white, curdy; sol. in ammonia, 
hyposulphite sod., and cyanide potass. 
Original solution gives Prussian blue with 
ferroso-ferric salts, potash, and hydrochl. 
acid. 

Ferrooyanides, white ; insol. in ammonia. 
Original solution gives dark-blue precip. 
with ferric salts. 

Ferricyanides, red-brown. Original solution 
gives dark-blue precip. with ferrous salts. 

Sulphocyanic, white; difficultly sol. in am- 
monia. Original solution is coloured red 
by ferric chloride. 

Hydrosnlphnric, black ; insol. in ammonia : 
lead and copper-salts give black precip. 
Alkaline sulphides give purple colour with 
nitroprusside of sodium. 



Indigo-solution is deco- 
lorised by. 



a. Without addition of an acid. 

Free Chlorine and Bromine: all 
the oxygen-acidfl of chlorine (free), 
and metallic hypochlorites : free ni- 
tric acid, if not too dilute. 

Also alkaline solphideB and caos- 
tio alkalis. 

b. On addition of an acid (hydrochl. 

or sulphuric) and heating. 

Chlorates, converted into chlorides 
by ignition. 

Nitrates, brown colour with ferrous 
sulphate and sulphuric acid. 

lodates, the dry salt gives violet 
fumes with ferrous sulphate and 
sulphuric acid^ 

Bromates, give red bromine-vapours 
with sulphuric acid. 

c. Evolve chlorine {and so bleach 
indigo) when heaied with con- 
centrated hydrochl. acid. 

All the foregoing compounds : also 

Chromates. 

Selenates. 

Tell orates. 

Hanganates and Permanganates. 

All Peroxides. 



ipound, and the acids probably present, are ascertained by a preliminary examination by Tables I. II. and IX. 
powdered, with four times their weight oi pure carbonates of potassium and sodium, and extracting the 
, or acetic acid, and examined by Tables X. and XI. Insoluble compounds of the heavy metals may be 
olution of carbonate of sodium : the filtrate contains the acid. Sulphides, when treated with nitric acid or 
kaline carbonate ; ferric salts of volatile organic acids by digestion with ammonia : the filtrate contains the 



Table XII. 

XII. Behaviour of nai 

Natural silicates behare very variously, when finely powdered and treated with mineral acids. Some are wl 
majority separate silica in the gelatinous form : others (which are generally decomposed with greater difficul 
evaporated, deposits gelatinous silica. Some (e.ff. most zeolites) are less readily acted on by acids after ign 
acts most generally on silicates is sulphuric acid : but hydrochloric add is the most convenient for general ap 
action of acids are decomposed by fusion with 5-— 4 pts. carbonates of potassium and sodium, or, in the case < 

The minerals marked Z 



Decomposed by acidi. 


(a.) Completely sol. in dilute 


Z. Heulandtite. 


Lepidolite. 


acids. 


Hisingerite ; thraulite. 


Z. Prehnite. 




HumboldtUite ; melilite. 


B. Tourmaline. 


AUaphane. 






Collyrite. 
Z. Oismondine ; zeagonite. 


Z. Ittnerite. 
Knebelite. 


(d.) Separate pulverulent 
silica. 


Kielhauite ; yttrotitanite. 


Z. Liauraonitd. 




Lievrite ; ilvaite. 


Amphodelite. 






Anorthite. 


(b.) Separate gelatinous 
silica. 


Meerschaum. 
Meionite. 


. Antigorite (flocculent). 




Z. Mesotype ; mesole ; mesolite ; 


Z. Baryta-harmotome; cross-stone. 


Z. Aedelforsite. 

Allanite ; orthite ; cerin. 


natrolite; poonahlite ; scole- 


Chonicrite ; vermicuUte. 


Z. Analcime. 


Site. 


ChrysocolU. 


Z. Apophyllite. 


Nepheline ; elaeolite. 
Nontronite. 


s. Damourite (pearly scales). 


Barsowite. 


Z. Okenite ; dysklasite. 


Z. Epistilbite(ber.ig.). 


8. Biotite ; uniaxial or magnesia- 


s. Olivine; chrysolite; peridot; 


Lepidomelan (pearly scales). 


mica. 


hyalosiderite. 


Leucite. 




Z. Pectolite. 


Pennine. 


Cancrinite ; davine. 




Pinguite. 


Cerite. 


Schrotterite. 


Pollux. 


Z.Chab8site;leTyne. 


Sideroflchisolite. 


Pyrosklente. 


Chamoisite. 
Chondrodite. 


Sodalite. 
Spadaite. 


Ryacolite. 


Cronstedtite. 


Z. Stilbite ; desmiue. 


(e.) Separate silica in one of 


Datolite;botryoKte. 


TcheflFkinite. 


the above forms. 


Diaptase. 


Z. Thomsonite ; comptonite. 


hot s. Agahnatolite. 


Eudialite. 


Thorite. 


Anthosiderite. 




Wolchonskoite. 


Z. Brewsterite. 


Oadolinite (bef. ig.). 
Galmei ; willemite. 


Wollastonite ; table-spar. 


s. Chlorite ; ripidolite. 


Oehlenite. 




Clintonite. 


Z. Gmelinite ; sarcolite ; hydro- 


(c.) Gelatinise after ignition. 


Z. Faujasite. 


lite. 


Azinite. 


Labradorite. 


s. Halloysite; leniinite; tnesite. 


Epidot ; pistazite ; zoisite. 


Margarite. 


Hauyne ; lasurstein ; nosean. 


Garnet ; pyrope. 


8. Onkosine. 


HelYine. 


Idocrase ; yesuvian. 


n. hot s. Ottrelite. 



Silicate Analyses. 
t;ural silicates to acids. 

lolly or partially decomposed : while others resist the action of acids altogether. Of the former class, the 
ly) separate it in the form oi& powder: a few are completely soluble in dilute acids, and the solution, when 
ition : others, which resist acids before ignition, are decomposed by acids after ignition. The acid which 
plication (p. 53). In this table, s. signifies sulphuric, and n. nitric, acid. — Those silicates which resist the 
f alkaline silicates, by carbonate or hydrate of barium : or by hydrofluoric acid (p. 54). 
ire of the zeolite family. 





Hot decomposed by acids. 


Palagonite. 

Porcelain-spar. 

Pyrargillite. 
8. Pyrochlore. 
n. Pyrosmidite. 

Scapolite ; wemerite ; dipyre. 
8. Schiller^spar. 
8. Serpentine, 
s. Soapstone. 
8. Sphene ; titanite. 

Tachylite. 
Villarsite. 
Wohlerite. 


Albite; soda-felspar. 
* Andalusite ; chiastolite. 
Augite; diallage ; diopside; 
hypersthene. 

Beryl ; davidsonite. 

Castor. 

Chloritoid ; chlorite-spar. 

Couzeranite. 

*Cyanite; disthene; buchol- 

zite. 
*Cymophane ; chrysoberyl. 

Emerald. 
Eudase. 

Fahlunite;tricla8ite. 
Felspar ; orthodase. 

Gedrite. 
Green-earth. 

Hornblende ; anthophyllite ; 

asbestos; grammatite; tre- 

molite ; uralite. 
Hypochlorite ; green-ironstone. 


Jeffersonite. 

Kaolin. 
Karpholite. 

Oligoclase ; soda-spodumen. 

Paragonite ; mica-slate. 

Pericline ; potash-albite. 

Petalite. 

Phenakite. 

Pinite. 

Pitchstone ; obsidian ; pumice. 

Potash-mica (biaxial). 

Saussurite. 

* Sillimanite. 
Spodumen ; triphane. 

* Staurolite. 

Talc ; speckstein. 
Topaz ; pycnite ; pyrophy- 
salite. 

Wichtyn ; wichtysite. 
Wbrthite. 

* Zircon ; hyacinth. 


Acmite. 

Basalt. 

Batrachite.* 

Bole ; fuller's earth. 

Chloropal. 

Cordierite ; dichroite : iolite. 

Z. Edingtonite. 

Glaucophane. 

lopyre.* 

Miloschin. 

Phonolite ; clinkstone, 
s. Pyrophyllite. 

Sordawalite. 


Stilpnomelan.* 
Yellow-earth. 


hydrofluoric acldlp.M). 


• Very imDertbctlv. 
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